A distinct distance set of 9 nodes in a tree of diameter 36  by Taylor, Herbert
Discrete Mathematics 93 (1991) 167-168 
North-Holland 
167 
Herbert Taylor 
Communication Sciences Institute, Uniuersity of Southern California, Los Angeles, CA 
90089-0272, USA 
Received 12 September 1987 
Abstract 
Taylor, H., A distinct distance set of 9 nodes in a tree of diameter 36, Discrete Mathematics 93 
(1991) 167-168. 
A ‘distinct distance set’ in a graph is a set of nodes each pair of which has a 
different number of edges on a shortest path between them. 
What the title describes is an example which favours one of the Slater-Gibbs [3] 
conjectures. As exhibited in Fig. 1, the nodes of the tree T are marked with dots 
or blanks in such a way that the (5) graphical distances between dots take exactly 
all of the values from 1 to 36. Deleting the branch A we get the tree T - A in 
which the dots mark a distinct distance set of 8 nodes with diameter 29. 
Furthermore in the tree T - A - B, with diameter 22, the dntc mark a distinct 
distance set of 7 nodes. Thus this one picture is worth three instances in which 
their Conjecture 3 is sharp. 
They conjecture that for k 3 6 there will exist a tree having a distinct distance 
set of k nodes, and having diameter less than the length of the Golomb ruler with 
k marks. In fact they think that the diameter can always be as low as the lower 
bound described next. 
In [3] Gibbs and Slater generalize [4], and derive a lower bound LB(k) for the 
diameter of any bipartite graph (a fortiori for trees) in which the (‘;) graphical 
distances in some set of k of the no& are all distinct. In particular, LB(7) = 22, 
LB@) = 29, and LB(9) = 36. 
The tree T also throws some light on a problem due to Leech [ 11. In 1978 
Fan Chung [2] told me that Shen Lin had run a computer search through all 
9-node trees, and found that for ~to 9-node tree is it possible to number the edges 
with positive integers to make the (5) = 36 path sums take all the values 
1,2,. . . r 36. The example of such an edge numbering for the 6-node tree in 
Fig. 2 had been found by Leech, where the path sums take the (4) values 
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Fig. 1 
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1,2,. . . ,15. Whether any such edge numbered n-node trees exist for n > 9 is still 
an open problem when n is a square or a square plus two. 
Given a k-node solution to the Leech problem we could put dots on the nodes, 
and then insert d - 1 blank nodes in each edge which has the number d, thereby 
concocting a tree with diameter (5) having a distinct distance set of k nodes. But 
the contrast between Shen Lin’s result and Fig. 1 makes it apparent that we 
cannot generally reverse the operation. 
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